Remarks 

The December 28, 2006 Office Action objected to certain 
informalities in claims 1 and 6, and rejected all pending claims 
based on various § 112 first and second paragraph concerns. In 
view of the amendment above and the remarks below, 
reconsideration is respectfully requested. 

Informalities 

The Office Action indicated a preference for the phrase 
"protein having" rather than "proteins having" in claims 1 and 
6. Applicant has implemented this change, thereby resolving 
this informality concern. 

§ 112 Indef initeness 

The Office Action raised four types of indef initeness 
concerns. These are responded to as follows: 

(a) as suggested in the Office Action, the words "degree 
of" have been deleted in claims 1 and 6 for greater clarity; 

(b) as suggested in the Office Action, "is experiencing a 
disease" has been replaced with "has a disease" for greater 
clarity; 

(c) the language relating to "at least one tyrosine" has 
been changed to use clearer "comprising" language. Note, 
however, that this change is not intended to preclude multiple 
tyrosine phosphorylation. In fact, as confirmed at page 61 of 
the enclosed article from the inventor's laboratory, J. 
Torrealba et al . , 5 American Journal of Transplantation 58-67 
(2005) , multiple tyrosine residues were phosphorylated in SBP-1 
in one of the successful experiments. 

(d) as requested, the claims now make clearer that the 
analyzing step involves contacting the sample, or something 
derived from it such as a homogenate, to facilitate perceiving 
the presence of the marker, followed by a comparison to a known 
standard or visualization. See e.g. the discussion in paragraph 
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[0025] of the original specification that the resolution step 
can either involve a comparison with a known standard or 
visualization. See also the discussion at paragraph [0023] 
which indicates that the sample can be contacted in a variety of 
ways such as by a gel, or using an antibody. 

§ 112 Written Description 

The Office Action had two written description concerns. 
These were addressed as follows: 

The Office Action objected to the use of w 95 percent 
homology" type language. That language has now been deleted 
from all claims. 

The Office Action objected to the 20 kDa to 80 kDa range 
limitation in claims 4 and 7. That language has also now been 
removed. 

Hence, all written description concerns are now believed to 
be addressed. 

§ 112 Enablement 

The Office Action had various enablement concerns. These 
are addressed as follows: 

The "95 percent homology" language has now been deleted. 

The Office Action objected to 20 kDa to 80 kDa range 
limitation in claims 4 and 7 has also now been removed. 

The claims are now limited to kidney transplant-related 
matters . 

With respect to whether unphosphorylated proteins otherwise 
conforming to the disclosure are useful markers, Applicants note 
that their laboratory has confirmed that (as projected in the 
application) the level of unphosphorylated SBP-1 also correlates 
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with rejection status. In this regard, the antibodies noted in 
the enclosed article recognize both the protein and its 
phosphorylated variant. See in particular the description 
thereof on page 59. Thus, the decrease in protein level shown 
in the figures is also indicative of a tendency towards absence 
of unphosphorylated SBP-1 in the rejecting environment. 



In view of the above amendment and remarks, allowance of 
claims 1, 2, 4-9, 12 and 13, as amended, is respectfully 
requested. No additional fee is believed necessary for the 
consideration of this amendment. However, if one is, please 
charge Deposit Account 17-0055 for the needed fpeffl- 



Conclusion 



Dated: January 19, 2007 



By: 



Majed M. /Ham. 



Carl R. \£chwartz 
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Milwaukee, WI 532 02 
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Treating patients with kidney failure by organ trans- 
plantation has been extraordinarily successful. Al- 
though, current immunosuppressants have improved 
short-term allograft survival, most transplants are 
eventually lost due to chronic allograft nephropathy 
(CAN). The molecular mechanisms underlying CAN are 
poorly understood. Smooth muscle cells (SMC) play a 
major role in the pathogenesis of CAN by contributing 
to the thickening of the intima and narrowing of the lu- 
men of blood vessels. We show that selenium-binding 
protein-1 (SBP-1), a protein implicated in protein traf- 
ficking and secretion, is localized primarily to SMC 
in vivo. SBP-1 was heavily tyrosine-phosphorylated 
in vivo. Remarkably, SBP-1 was absent or strongly 
downregulated in vascular SMC in monkey kidney al- 
lografts with CAN. In contrast, the SMC a-actin was 
strongly expressed in the vascular SMC of the same al- 
lografts, indicating that the decrease in SBP-1 was not 
due to a global decrease in SMC proteins. Out of four 
growth factors implicated in the pathogenesis of CAN, 
only TGF-p blocked the expression of SBP-1; thus, 
TGF-p could regulate the expression of SBP-1 in CAN. 
These results show that SBP-1 localizes primarily to 
SMC in vivo and implicate this phosphoprotein in 
the effects of TGF-p on SMC and in the process of 
CAN. 

Key words: Chronic allograft nephropathy, trans- 
plantation, smooth muscle, selenium-binding protetn- 
1, vascular rejection, atherosclerosis 
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Introduction 

Over the past few years, treating patients with kidney 
failure by solid-organ transplantation has been extraordi- 
narily successful. Although current immunosuppressants 
have improved short-term graft survival, the majority of 
transplanted organs are eventually lost due to chronic allo- 
graft nephropathy (CAN) (1-3). The hallmarks of CAN are 
perivascular inflammation, fibrosis and chronic vascular re- 
jection (allograft vasculopathy). Chronic vascular rejection 
is characterized by the thickening of the intima of the ar- 
teries and arterioles of the transplanted organ that leads to 
the narrowing of the lumen, ischemia and late graft failure. 
In contrast to classical atherosclerosis in which the man- 
ifestations are mostly focal and asymmetric (4), chronic 
vascular rejection is generalized, and the intimal thicken- 
ing is concentric (5). Chronic vascular rejection is not spe- 
cific for a certain organ, as it occurs in vascularized organ 
allografts, including kidney, heart, lung, liver and pancreas 
(6-8). The extent of vascular involvement varies, however, 
among different organs and in different donor-recipient 
combinations (9). 

Smooth muscle cells (SMC) play an important role in inti- 
mal thickening and lumen narrowing, as the proliferation 
of these cells in the media, the layer beneath the intima, 
forces the endothelial layer inward (1-3). In addition, SMC 
migrate from the media to the intima where they proliferate 
and secrete matrix proteins (1-3). Leukocytes recruited in 
response to inflammation or injury also populate the thick- 
ened intima and may play a role in the activation and pro- 
liferation of SMC. Growth factors and cytokines, including 
PDGF, IFN-y and TGF-p, released by resident cells and by 
infiltrating leukocytes have also been implicated in modu- 
lating SMC function and proliferation (10-13). Thus, con- 
trolling SMC processes should be important for controlling 
the thickening of the intima and, in turn, for regulating al- 
lograft rejection. 

We used a rhesus monkey renal allograft model to iden- 
tify molecules involved in CAN (14-17). We compared 
and contrasted the expression of tyrosine-phosphorylated 
proteins in naive organs and rejected allografts using 
anti-phosphotyrosine Ab. We show that selenium-binding 
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protein-1 (SBP-1) (18-24), a protein implicated in the pro- 
cess of protein trafficking and secretion (25), is localized to 
SMC in normal tissues in vivo. We also demonstrate that 
this protein is strongly tyrosine-phosphorylated in vivo. Re- 
markably, SBP-1 was absent or strongly downregulated in 
vascular SMC in monkey allografts with CAN. In contrast, 
the SMC protein a-actin was strongly expressed in these 
rejected allografts. Out of four potent growth factors, only 
TGF-p blocked the expression of SBP-1 in vitro, thereby im- 
plicating this growth factor in controlling the level of SBP-1 
in vivo. These results show that SBP-1 localizes primarily 
to SMC in vivo and implicate this phosphoprotein in the 
effects of TGF-p on SMC and in the process of CAN. 

Materials and Methods 

Human coronary artery, kidney and uterus samples 

These samples were obtained at autopsy under an IRB exemption number 
E2002-108 and were used to determine the localization of SBP-1 in situ. 

Cell lines 

The normal human vascular (aorta) SMC cell line, CRL-1999, was ob- 
tained from ATCC (Manassas, VA). CRl-1 999 cells were maintained in F1 2K 
Kaighn's modification media containing 10 mM TES, 0.3 mM L-ascorbicacid, 
0.001 mM insulin, 0.001 % Apo-transerrin, 58 nM sodium selenite, 6.003% 
endothelial growth supplement, 1% antibiotic/antimycotic, 1 % i-glutamine, 
1 % HEPES, 1 % non-essential amino acids, 1 % sodium pyruvate and 10% 
heat-inactivated FCS. The ceils were split once a week as per ATCC recom- 
mendation and were maintained for no more than ten divisions. 

Ab production and purification 

Rabbit sera to SBP-1 were generated by ProSci. Inc. (Poway, CA) and 
Biosource International, Inc. (Camarillo, CA). Rabbits were immunized with 
a cocktail of three peptides corresponding to different regions of SBP-1 in 
complete or incomplete Freund's adjuvant: peptide 1 (CDKQFYPDLIREGS); 
peptide 2 (CDFGKEPLGPALAHE) and peptide 3 (CRFYKNEGGTWSVEK). 
Anti-peptide response (titer) was monitored by enzyme-linked immunosor- 
bent assay (ELISA). in which the plates were coated with the three pep- 
tides. Polyclonal Ab to each individual peptide were affinity purified using 
peptide-linked beads. Both anti-peptide 1 and anti-peptide 2 were immuno- 
genic and mg concentrations of Ab were obtained. In contrast, peptide 3 
was not immunogenic. 

Graft transplant 

The immunotoxin-treated rhesus monkey renal allograft mode! has previ- 
ously been described (14-17). Donor-recipient pairs were selected on the 
basis of cytotoxic T-lymphocyte and mixed lymphocyte culture responses 
and major histocompatibility complex class I and class II typing. The donor 
left kidney was transplanted into recipients that had undergone bilateral 
native nephrectomy. The anti-CD3 immunotoxin FN18-CRM9 was admin- 
istered to the monkeys as described previously (14,15,17). Although this 
therapeutic strategy prolongs allograft survival, most grafts develop signs of 
CAN, including severe interstitial fibrosis, tubular atrophy, chronic transplant 
glomerulopathy and chronic vasculopathy within 18 months after transplan- 
tation (14,15,17). Graft function was monitored by measuring serum cre- 
atinine levels, and rejection was biopsy confirmed. All animal procedures 
were approved by the University of Wisconsin Institutional Animal Care and 
Use Committee. 

77ssue processing and two-dimensional (2-D) gel electrophoresis 

Tissues were collected in ice-cold RPMI and minced into small pieces in 
urea buffer (8 M urea, 100 mM CHAPS, 2% pharmalyte 3-10 for IEF, 1 % 
PMSF and 1 % aprotinin) at a ratio of 1 g of tissue to 3 ml_ of urea buffer. 



After centrifugation, the supernatants were filtered in 100 kDa molecular 
weight cut-off filters and the flow-through samples were concentrated in 
50 kDa molecular weight cut-off filters. Rehydration solution (8 M urea, 
50 mM CHAPS, 0.3% bromphenol blue, 3 mM DTT and 0.08% IPG buffer 
pH 3-10) was combined with the samples at a ratio of 4:1, and used to 
rehydrate immobiline strips pH 3-10 (Amersham Biosciences, Piscataway, 
NJ) overnight at room temperature. The following day, the immobiline strips 
were subjected to isoelectric focusing (1-D) using the Multiphore II system 
(Amersham Biosciences), and then placed in SDS equilibration solution I 
(5% Tris-HCI pH 8.8, 6 M urea. 35% glycerol. 10% SDS, 0.2% bromophe- 
nol blue, and 3 mM DTT) for 1 5 min. After incubation, the immobiline strips 
were placed in SDS equilibration solution II (5% Tris-HCI pH 8.8, 6 M urea, 
35% glycerol, 10% SDS, 0.2% bromophenol blue and 7 mM iodoacetamide) 
for an additional 1 5 min. Immobiline strips were then placed on the top 
of 10% Tris/glycine SDS-PAGE and held in place with 0.5% agarose over- 
lay. The proteins in the strips were subjected to SDS-PAGE (2-D) and then 
transferred to PVDF membranes. Tyrosine-phosphorylated proteins were 
detected by blotting as described previously (26). Proteins were visualized 
using the LumiGLO kit (KPL, Gaithersburg, MD). 

Mass spectrometry 

Proteins from 2-D gel electrophoresis were visualized by coomassie 
blue staining. Two protein spots (~56 kDa) that were most strongly 
stained with commassie blue were excised and sent to the Univer- 
sity of Wisconsin-Madison Biotechnology Center (Madison, WJ) for Mass 
Spectrometry. All peptide masses 900-3200 Da were considered, and 
were analyzed using Matrix Science Mascot Peptide Mass Fingerprint 
(www.matrixscience.com). Locating phosphorylated proteins was accom- 
plished by performing in-silica digest on SBP-1 using UCSF Protein Prospec- 
tor program (MS Digest), and considering tyrosine phosphorylation as a 
modification. The in-silica digest-generated masses were compared against 
the 19 masses obtained through mass spectrometry. 

Light microscopy 

Routine light microscopy on hematoxylin and eosin (H&E) stained sections 
were performed on paraffin-embedded tissues or frozen sections. Kidney 
specimens with at least one glomerulus and one blood vessel were con- 
sidered appropriate for evaluation. The Banff criteria of kidney transplant 
pathology was used for scoring the presence and degree of rejection (27). 
CAN was defined by the presence of interstitial fibrosis, tubular atrophy, 
allograft glomerulopathy, mesangial matrix increase and vascular fibrous 
intimal thickening. 

Immunohistochemistry 

Immunohistochemical labeling was performed on snap frozen specimens 
and on selected paraffin-embedded tissues. For frozen sections, 5Him sec- 
tions were obtained from each tissue block and fixed in cold acetone and 
stored at -20° C The slides were then dried at 37° C for 30 min and fixed in 
acetone for 5 min at room temperature. Selected tissues were processed 
for routine paraffin embedding. Five-micron sections were obtained from 
each tissue block, deparaffinized in xylene and rehydrated through graded 
ethanol to water. The slides were subjected to heat-induced epitope re- 
trieval in 10 mM EDTA solution using a decloaking chamber (Biocare Med- 
ical, Walnut Creek, CA) at 6 psi for 45 min. The slides were rinsed with 
TBS/Tween and the non-specific sites were blocked by using a casein- 
based blocking agent (Sniper, Biocare Medical). Purified polyclonal rabbit 
Ab against two different peptides of SBP-1 (1:200 dilution) were used to 
incubate the slides for 1 h at room temperature. As a control, specimens 
were also stained with antkz-actin monoclonal Ab (Sigma, St. Louis, MO; 
1:45000 dilution). After rinsing with TBS/Tween, the slides were treated 
with synthetic polymer Envision Plus HRP system (Dakocytomation, Carpin- 
teria. CA). After incubation, the slides were washed with TBS/Tween and 
incubated with DAB chromagen (Dakocytomation) for 5 min. Following 
incubation, they were counterstained with hematoxylin, dehydrated, 
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cleared and cover slipped. Blood vessels from naive and experimental 
animals immunotabaled with anti-SB P-1 Ab were scored using a semi- 
quantitative scale (0-3): 0 = no staining, +1 = mild. +2 = moderate, +3 = 
strong. 

Reverse transcription polymerase chain reaction {RT-PCR) 

Total RNA was extracted using the SV Total RNA Isolation System 
(Promega, Madison, Wl) (26). The resultant mRNA was reverse tran- 
scribed to generate first-strand cDNA using avian myeloblastosis virus 
reverse transcriptase. SBP-1 cDNA was amplified using PCR with 
the SB P-1 -specific oligonucleotides 5'-AAGTGCTGGAGGACGAGGAAC-3' 
(sense) and 5'-AAAATAGGG AGTGTG GGTGAT-3' (antisense). The anti-sense 
primer corresponds to the 3'-untranslated region of SBP-1. p-actin cDNA 
was amplified with 5'-CCCAAGGCCACCGCGAGAAGAT-3" (sense) and 5'- 
GTCCCGGCCAGCCAGGTCCAG-3' (anti-sense). PCR products were then 
subjected to 1 % agarose gel electrophoresis and visualized by ethidium 
bromide staining. 

Statistical analysis 

The biopsies were divided into two categories: normal and rejection. To 
examine differences in staining scores across diagnostic groups, a non- 
parametric one-way ANOVA was performed by analyzing the ranked SBP-1 
staining scores. Statistical analysis was performed using SAS v. 6.12 for 
Windows (SAS Institute. Cary, NC). 

Results 

Isolation of a 56-kDa tyrosine-phosphorylated protein 
from kidneys 

We chose to look for tyrosine-phosphorylated proteins be- 
cause these proteins control the function and growth of 
all cells. To identify tyrosine-phosphorylated proteins in- 
volved in the process of CAN, kidney lysates from naive 
kidneys and from allograft kidneys with CAN were sub- 



jected to 2-D gel electrophoresis. Proteins were trans- 
ferred to PVDF membranes, and then immunoblotted 
with anti-phosphotyrosine Ab. As shown in Figure 1A, 
~56-kDa tyrosine-phosphorylated proteins were repro- 
ducibly and prominently present in naive kidneys. These 
protein spots were not detected in rejected allograft kid- 
neys (see below). We had to try numerous homogenization 
procedures, solubilization buffers and filtration procedures 
to be able to detect distinct protein spots upon blotting 
the membranes with anti-phosphotyrosine Ab. We found 
that homogenizing the tissues in urea buffer, filtering the 
lysates through a 100 kDa molecular weight cut-off filters, 
and then washing and concentrating the flow-through sam- 
ples in 50 kDa molecular weight cut-off filters to be criti- 
cal to obtain distinct unsmeared tyrosine-phosphorylated 
spots. Although exposing the membrane in Figure 1A to 
films for only a few minutes led to the appearance of 
prominent 56-kDa spots, exposing the same membrane to 
films for extended time also led to the appearance of other 
tyrosine-phosphorylated spots (not shown). Because the 
56-kDa protein spots were prominent in the membranes, 
and because their level in naive kidneys was different from 
rejecting kidney allografts we chose to concentrate our ef- 
fort on identifying the 56-kDa protein spots. 

Identification of the 56-kDa tyrosine-phosphorylated 
protein as SBP-1 

Proteins in tissue lysates from monkey kidneys were sub- 
jected to 2-D gel electrophoresis as described above, 
and then stained with commassie blue. Two spots corre- 
sponding to the —56-kDa proteins that were most strongly 
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Figure 1: The identification of a 56-kDa heavily tyrosine-phosphorylated protein in monkey kidneys as SBP-1. (A) Normal monkey 
kidneys were homogenized in urea buffer and the lysates were then centrifuged at room temperature for 30 min. The supernatants were 
filtered in 100 kDa molecular weight cut-off filters and the flow-through samples were washed and concentrated in 50 kDa molecular 
weight cut-off filters. The samples were then subjected to 2-D gel electrophoresis. The proteins were transferred to PVDF membranes, 
and tyrosine-phosphorylated proteins were detected by blotting with HRP-conjugated anti-phosphotyrosine antibodies PY-20. Proteins 
were visualized using the LumiGLO kit. (B) Kidney lysates prepared as above were subjected to 2-D gel electrophoresis and the gel was 
stained with Coomassie Blue. Box indicates the two protein spots that were most strongly stained with Commassie Blue; both spots 
were analyzed by mass spectrometry. (C) Kidney lysates prepared as above were subjected to 2-D gel electrophoresis. The proteins were 
transferred to PVDF membranes and were labeled by blotting with anti-SBP-1 polyclonal Ab (upper panel). The Ab were then stripped 
and reblotted with HRP-conjugated anti-phosphotyrosine Ab PY-20 (lower panel). 
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stained with commassie blue (Figure 1B; see box) were 
excised from the gel and were sent to the University of 
Wisconsin-Madison Biotechnology Center for mass spec- 
trometry. In-gel trypsin digest yielded 19-21 peptides from 
each of the protein spots, of which at least 1 5 masses ex- 
actly matched SBP-1 covering 41% of the protein (p < 
0.05). Thus, the 56-kDa tyrosine-phosphorylated protein is 
the previously known protein SBP-1 (1 8-23). To identify the 
tyrosine residues in SBP-1 that are phosphorylated, in-silica 
digest of SBP-1 was performed using the UCSF Protein 
Prospector program. Protein tyrosine phosphorylation was 
a considered modification. The in-silica digest-generated 
masses were compared to the peptide masses obtained 
through mass spectrometry. Two masses showed tyro- 
sine phosphorylation modification: mass 1454.6 (QYDIS- 
DPQRPR) and mass 1849.7 (CG NCG PG YSTPLEAM K) in- 
dicated that tyrosine 12 and tyrosine 335, respectively, 
were phosphorylated. To further examine tyrosine phos- 
phorylation of SBP-1, proteins in kidney lysates were 
subjected to 2-D electrophoresis, transferred to PVDF 
membranes, and then immunoblotted with anti-SBP-1 Ab 
(Figure 1C, upper panel). The anti-SBP-1 Ab were then 
striped off and the membranes were reimmunoblotted 
with anti-phosphotyrosine Ab (Figure 1C, lower panel). 
As shown in Figure 1 C, identical spots were detected by 
both Ab, confirming that SBP-1 is tyrosine-phosphorylated 
in vivo. 

SBP-1 localizes to SMC in vivo 

To determine the localization of SBP-1 in vivo, we immuno- 
labeled monkey kidney tissues with anti-SBP-1 Ab. SBP-1 
staining was localized to the vascular SMC of the blood 
vessels (Figure 2). Incubating anti-SBP-1 Ab for 30 min 
with blocking peptides (peptides used to generate the Ab) 
before immunostaining blocked SMC staining in a dose- 
dependent manner, confirming the specificity of the Ab 
(Figure 2, compare B with C and D). 

To rule out the possibility that these results are limited to 
a certain tissue or animal species, we also stained various 
tissues from different animal species with two anti-SBP-1 
Ab that recognize two different sites of the molecule. In 
all the tissues examined, SBP-1 was localized to the SMC 
cells (Figure 3). SBP-1 was not detected in cardiac mus- 



cles (Figures 3A-C) or skeletal muscles (Figure 3G). How- 
ever, in the uterus SBP-1 was detected in vascular SMC 
and uterine SMC (Figure 3H), indicating that this protein is 
not specific to vascular SMC but is also found in SMC of 
other tissues. Note that two Ab that recognize two differ- 
ent sites of SBP-1 showed that SBP-1 is localized to SMC: 
All tissues in Figures 2 and 3 were stained with anti-SBP-1 
Ab that recognize the SBP-1 peptide sequence (CDFGKE- 
PLGPALAHE), except forthe tissues in Figures 3C, F and I, 
which were stained with anti-SBP-1 Ab that recognize the 
SBP-1 peptide sequence (CDKQFYPDLIREGS). 

To confirm that SBP-1 is found in SMC, aortas from 
monkeys were subjected to 2-D electrophoresis, the pro- 
teins were transferred to PVDF membranes, and then im- 
munoblotted with anti-SBP-1 Ab. SBP-1 was detected in 
the lysates of the aorta, confirming the presence of this pro- 
tein in blood vessels (Figure 4A). As shown in Figure 4B, 
SBP-1 was also strongly expressed in the primary SMC 
line, CRM 999, confirming the expression of this protein 
in SMC. Some of SBP-1 in tissues appears to have iso- 
electric point different from SBP-1 in the CRL-1999 cells 
(compare Figures 4A and B). This is most likely due to dif- 
ferences in posttranslation modification of SBP-1 in tissues 
vs in cells grown in vitro. 

Interestingly, most of SBP-1 in the CRL-1999 cells localized 
to the detergent-insoluble fraction that contains the nucleic 
material and cytoskeleton-associated molecules (Figure 5). 
Boiling the insoluble fraction in sample buffer with vigorous 
vortexing led to the release of SBP-1 (Figure 5). Changing 
the detergent (Figure 5) or the concentration of the de- 
tergent (not shown) did not increase the solubility of the 
protein. 



SBP-1 is downregulated in kidney allografts with CAN 

As described above, we became interested in the 56-kDa 
protein because it was absent in tissues obtained from 
rejecting animals. The monkey model that we used here 
has previously been described in detail (14-17). In this 
model, most of the allografts develop signs of CAN, in- 
cluding severe interstitial fibrosis, tubular atrophy, chronic 
transplant glomerulopathy and chronic vascular rejection 




Figure 2: Localization of SBP-1 to SMC in vivo. Immunohistochemical labeling was performed using normal rabbit serum (A) or affinity 
purified rabbit polyclonal anti-SBP-1 Ab (BHD). (A; 400x) normal monkey kidney; (B; 400x) normal monkey kidney; (C; 400x) normal 
monkey kidney (stained in the presence of 10 ng of blocking peptide); {D; 400x) normal monkey kidney {stained in the presence of 20 ng 
of blocking peptide). Arrow indicates vascular SMC. 
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Figure 3: SBP-1 is local- 
ized primarily to SMC in 

vivo. Immunohistochemical 
labeling was performed us- 
ing affinity purified rabbit 
polyclonal anti-SB P-1 Ab (A)- 
(1). (A; 400 x) normal mon- 
key heart; (B; 400x) nor- 
mal mouse heart; (C; 200 x) 
normal rat heart; (D; 400 x) 
normal monkey liver; {E; 
400x) normal human kid- 
ney; (F; 400 x) normal mon- 
key kidney; (G; 400 x) nor- 
mal rat skeletal muscle; (H; 
200 x) normal human uterus; 
(I; 100x), normal human 
coronary artery. (AMD were 
stained with anti-SBP-1 Ab 
(anti-peptide 2) except (C, F 
and I), which were stained 
with anti-SBP-1 Ab (anti- 
peptide 1). Arrow indicates 
vascular SMC; arrowhead in- 
dicates uterine SMC, 
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Figure 4: Detection of SBP-1 in aorta and in the SMC cell 
line CRL-1999. (A) Normal monkey aorta was homogenized in urea 
buffer and the lysates were then centrifuged at room temperature 
for 30 min. The supernatants were filtered in 100 kDa molecular 
weight cut-off filters and the flow-through samples were washed 
and concentrated in 50 kDa molecular weight cut-off filters. The 
samples were then subjected to 2-D gel electrophoresis. The pro- 
teins transferred to PVDF membranes, and SBP-1 was detected 
by blotting with anti-SBP-1 Ab followed by HRP-conjugated sec- 
ondary Ab. Proteins were visualized using the LumiGLO kit. (B) 
CRL-1999 cells were solubilized with urea buffer and subjected 
to 2-D gel electrophoresis. SBP-1 was detected as described 
in (A). 
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Figure 5: SBP-1 localizes to detergent-insoluble fractions. 

CRL-1999 cells were lysed for 30 min with ice-cold lysis buffer 
containing the detergents 1 % Triton X-100, 1 % CHAPS or 1 % NP- 
40. Cell lysates were centrifuged at 4°C for 30 min. Supernatants 
were removed, and filtered through 100 kDa molecular weight 
cut-off filters and the flow-through samples were then concen- 
trated in 30 kDa molecular weight cut-off filters. An equal volume 
of 2 x sample buffer was added to the concentrated supernatants, 
and boiled for 30 min. Meanwhile, the pellets were solubilized in 
1 x sample buffer and boiled for 30 min. Supernatants and pel- 
lets were subjected to SDS-PAGE. Proteins were transferred to 
PVDF membranes and blotted with anti-SBP-1 Ab followed with 
HRP-conjugated secondary Ab. Proteins were visualized using the 
LumiGLO kit. 
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within 18 months after transplantation. Chronic vascular 
rejection was characterized by fibrointimal proliferation and 
narrowing of vascular lumen due to proliferation of SMC, 
fibroblasts, myofibroblasts and deposition of extracellular 
matrix proteins (14,15,17). 

To examine the involvement of SBP-1 in allograft rejection, 
tissues from naive (normal untransplanted) monkey kid- 
neys and from allograft monkey kidneys with CAN were 
subjected to SDS-PAGE. The proteins were transferred to 
PVDF membranes and then immunolabeled with anti-SBP- 
1 Ab. As shown in Figure 6, SBP-1 was strongly expressed 
in kidneys obtained from naive but not from rejected allo- 
graft kidneys. Immunoblotting with anti-a-actin Ab showed 
strong a-actin levels in all lanes (Figure 6). 

To further examine these results, we performed immuno- 
histochemistry on naive monkey kidneys and on monkey 
kidney allografts with CAN. Figure 7 shows the results from 
a representative naive kidney (A-C) and from a kidney al- 
lograft with CAN (D-l). The sections were stained with 
H&E (A, D, G), immunolabeled with anti-SMC a-actin Ab 



Kidney Nah * Rejecting 
aActm mm ^ ^ 7TT 

Figure 6: Downregulation of SBP-1 in rejected allografts 
with CAN. Biopsies from naive kidneys (lanes 1, 2 and 3} and 
from rejected allograft kidneys (lanes 4, 5 and 6) were subjected 
to SDS-PAGE. Proteins were transferred to PVDF membranes 
and blotted with anti-SBP-1 Ab or anti-a-actin Ab followed with 
HRP-conjugated secondary Ab. Proteins were visualized using the 
LumiGLO kit. 

(B, E, H), or immunolabeled with anti-SBP-1 Ab (C, F, I). 
Note that each set of images (A-C), (D-F) and (G-l) de- 
pict the same blood vessel. H&E staining of kidneys with 
CAN showed blood vessels with chronic vascular rejec- 
tion, including thickening of the intima and a significant 
narrowing of the lumen (Figure 7D and G). Both a-actin 
(Figure 7B) and SBP-1 (Figure 7C) were strongly labeled in 
the vascular SMC of the naive kidney. In contrast, a-actin 




Figure 7: SBP-1 is downregulated in allograft kidneys with CAN. Immunohistochemical staining of a representative naive monkey 
kidney (A-C; 200 x) and of a monkey kidney allograft with CAN (D-l; 200 x). The sections were stained with H&E (A, D, G), immunolabeled 
with anti-a-actin Ab (B, E, H). or immunolabeled with anti-SBP-1 Ab (C, FJ). Arrows indicate blood vessels labeled with anti-a-actin Ab; 
Arrowheads indicate the same vessels labeled with anti-SBP-1 Ab. 
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(Figure 7E and H) but not SBP-1 (Figure 7F and I) was 
strongly expressed in the SMC of blood vessels with 
chronic vascular rejection, as SBP-1 labeling was weak or 
undetectable. 

To analyze these results statistically, tissues from 5 naive 
kidneys (5 monkeys) and from 14 rejected kidney allografts 
(14 monkeys) showing a spectrum of chronic vascular re- 
jection changes were immunohistochemically labeled with 
anti-SBP-1 Ab and a semi-quantitative scale from 0 to +3 
was used to grade the intensity of vascular SMC staining. 
SBP-1 staining was significantly (p < 0.0001) weaker in 
kidney blood vessels with chronic rejection compared to 
normal blood vessels in naTve kidney (Table 1). 

TGF-p downregulates the expression of SBP-1 

Graft rejection is characterized by a marked increase in the 
level of an array of growth factors (1-3). Some of these 
factors have been shown to regulate the expression of 
molecules (10-13). We reasoned that the decrease in the 
level of SBP-1 in the SMC of rejecting grafts might be due 
to a growth-factor(s)-induced signal. We determined the 
effect of TGF-p, IFN-7, TNF-a and PDGF on the expres- 
sion of SBP-1 in the primary SMC line CRL-1999. Under 
the conditions used in our studies, only TGF-p led to a 
sharp decline in SBP-1 mRNA, which was time (Figure 8A) 
and dose (Figure 8B) dependent. Varying the concentra- 
tions of IFN-7, TNF-a, and PDGF did not alter SBP-1 ex- 
pression (not shown). SBP-1 mRNA level declined within 3 
days after TGF-p treatment and was completely absent in 
most experiments within 2 weeks. TGF-p did not alter the 
level of p-actin mRNA, which is consistent with previous 
reports (10,11). Incubating the cells for 14 days with TGF-p 
induced only a modest decrease in the level of the SBP-1 
protein (Figure 8C); thus, SBP-1 protein is relatively stable 
in vitro. In contrast, the level of SMC a-actin protein in- 
creased by TGF-p, which is also consistent with previously 
published reports (10,11). Notably, incubating the cells for 

Table 1: Semi-quantitative analysis of SBP-1 staining in vascular 
SMC of naive blood vessels and of blood vessels with chronic 
vascular rejection 



Kidney diagnosis 


No. of 


SBP-1 staining 


(Banff) 


cases 


intensity 


Naive 


5 


4-3, +3. +3, +3. +3 


AR l-CAN I 


2 


+1,+1 


AR l-CAN II 


2 


+1,+1 


AR ll-CAN I 


1 


+1 


AR ll-CAN II 


2 


+1.+1 


AR ll-CAN III 


2 


0,0 


AR lll-CAN I 


1 


0 


AR lll-CAN II 


1 


0 


CAN I 


1 


+2 


CAN II 


1 


+1 


CAN III 


1 


+1 



0 = No staining; 1 = mild staining; 2 = moderate staining; 3 = 
strong staining; AR = acute rejection; CAN = chronic allograft 
nephropathy. 
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Figure 8: TGF-p downregulates the expression of SBP-1. 

(A) 1 x 10 5 CRL-1999 cells in F12K Kaighn's modification me- 
dia were plated in 100 mm tissue culture dishes for 24 h at 37° C. 
After incubation, 5 ng/mL TGF-p, 1 ng/mL TNF-a, 50 ng/mL IFN- 
y or 10 ng/mL PDGF was added to the dishes and the incuba- 
tion resumed for indicated time at 37° C. The celis were then de- 
tached from the plates with trypsin, washed in PBS, and counted. 
Total RNA was extracted then reverse transcribed to generate 
first-strand cDNA using avian myeloblastosis virus reverse tran- 
scriptase. cDNA was then amplified using PCR with the SBP-1 
or P-actin oligonucleotides. PCR products were subjected to 1% 
agarose gel electrophoresis and visualized by ethidium bromide 
staining. (B) CRL-1999 cells were grown as described above in 
the presence of the indiacted concentration of TGF-p for 14 days 
at 37°C. Total RNA was extracted and PCR products were gener- 
ated as described above. (C) CRL-1999 cells were incubated with 
the indicated concentrations of TGF-p for 14 days at 37° C. The 
cells were detached, counted, and then lysed with ice-cold 1 x 
lysis buffer. Cell lysates were centrifuged at 4°C for 30 min. Su- 
pernatants were removed, the pellets were solubilized in 1 x sam- 
ple buffer, boiled for 30 min, and then subjected to SDS-PAGE. 
Proteins were transferred to PVDF membranes and blotted with 
anti-SBP-1 Ab or antki-actin Ab followed with HRP-conjugated 
secondary Ab. Proteins were visualized using the LumiGLO kit. 



Table 2: TGF-P induces proliferation of CRL-1 999 cells (n = 8) 



TGF-p 


Increase from untreated 


(ng/mL) 


cells (mean ± SD) (%) 


0.5 


66 ±33 


5 


81 ±42 


10 


111 ±35 



14 days with TGF-p at conditions that lead to the decrease 
in SBP-1 level increased the number of SMC (Table 2). Cell 
viability in these studies were at least 95% as determined 
by Trypan Blue exclusion (not shown). 
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Discussion 

CAN is a major cause of allograft failure in clinical renal 
transplantation. Yet, the molecular mechanisms underly- 
ing CAN are poorly understood. Indeed, identifying the 
molecules involved in CAN is important for understanding 
the molecular mechanisms underlying CAN, and for de- 
signing therapeutic strategies to prolong allograft survival. 
SMC play an important role in the pathogenesis of CAN 
by contributing to the thickening of the intima and the loss 
of lumen. We showed in this paper that the phosphopro- 
tein SBP-1 is localized primarily to SMC in vivo. We also 
showed in a well-established rhesus monkey renal trans- 
plant model that the level of SBP-1 dramatically decreased 
in the vascular SMC of allografts with CAN. In contrast, the 
SMC protein a-actin was strongly expressed in the same 
SMC, thereby indicating that the decrease in SBP-1 is not 
due to a global decrease in the level of proteins in SMC of 
blood vessels with chronic rejection. 

SBP-1 has been shown to regulate vesicular transport in an 
intra-golgi transport cell-free assay in vitro (25). Because 
intra-golgi transport is critical for protein processing and 
packaging, SBP-1 appears to play a role in regulating pro- 
tein trafficking and secretion. However, in these in vitro 
studies only 1 0% of SBP-1 associated with the Golgi appa- 
ratus. SBP-1 has also been shown to bind selenium in vitro 
(18). Selenium is a trace element critical for a number of bi- 
ological processes, including optimal SMC growth in vitro 
(28-33). interestingly, the transport activity of SBP-1 was 
independent of its ability to bind selenium (25), thereby 
suggesting that SBP-1 may function in multiple cellular 
processes. Our cell solubilization studies with detergents 
suggested that SBP-1 might be a cytoskeleton-associated 
protein (Figure 5). Accordingly, SBP-1 has been shown to 
localize with G-actin at the cell margins of transformed cell 
lines (24). We also showed here that SBP-1 is tyrosine- 
phosphorylated in vivo. Given that tyrosine phosphoryla- 
tion is an important process by which proteins interact, 
our results suggest that SBP-1 might function as a linker 
molecule involved in protein interaction. Together, these 
studies implicate SBP-1 in playing a role in important cellu- 
lar processes. 

Our immunohistochemical studies showed that SBP-1 is 
localized primarily to SMC in vivo. Previous studies exam- 
ined the expression of SBP-1 by looking for SBP-1 mRNA 
in total RNA extracts or by immunoblotting whole tissue 
lysates with anti-SBP-1 Ab (18-23). Thus, because all tis- 
sues contain blood vessels, it is not surprising that in those 
studies SBP-1 mRNA and protein were present in the ex- 
tracts and lysates of a variety of tissues. At the time this 
manuscript was being prepared for publication, Chen et al. 
reported nuclear SBP-1 staining of normal epithelial cells. 
They also reported that the expression of cytoplasmic SBP- 
1 was increased in well-differentiated adenocarcinoma, but 
decreased in poorly differentiated adenocarcinoma (34). 



Their figures did not contain blood vessels and there was 
no mention of the expression of SBP-1 in vascular SMC. 
We found, using anti-SBP-1 Ab that recognize two differ- 
ent parts of SBP-1, that this protein is localized to SMC 
in vivo in normal subjects. We did not detect any SBP-1 
nuclear staining in any of the tissues we examined. SBP-1 
has also been recently shown to be located at the leading 
edges of rapidly growing protrusions and growing tips of 
the cultured transformed cells lines T98G glioma cells and 
SH-SY5y neuroblastoma cells (24). We did not examine the 
presence of this protein in transformed tissues and cells, 
as this issue is beyond the scope of this manuscript. 

TGF-p strongly downregulated the level of SBP-1 in vitro 
(Figure 8), suggesting that this growth factors might regu- 
late the level of SBP-1 in vivo. TGF-p has been implicated in 
the pathogenesis of allograft vasculopathy (35,36). Accord- 
ingly, anti-TGF-p Ab has been shown to reduce intimal hy- 
perplasia (36). SMC would be exposed to TGF-p following 
injury to the endothelium (37). Platelets, endothelial cells, 
and infiltrating cells such as macrophages and lymphocytes 
all produce TGF-p. Therefore, at the time of inflammation 
and tissue injury, SMC are exposed to TGF-p from different 
sources. 

TGF-p has been shown to regulate SMC processes in vitro 
(10,37-42). These TGF-p effects were dependent on the 
culture conditions and the SMC cell line used. In our stud- 
ies, TGF-p at conditions that lead to the decrease in SBP-1 
level increased the number of SMC (Table 2). The relation- 
ship between the decrease in SBP-1 level and the increase 
in SMC number is not clear at this time. TGF-p has been 
shown to exert some of its effects by inducing the release 
of growth factors such as PDGF from SMC (38). However, 
our data showed that exogenous PDGF did not affect the 
level of SBP-1 in SMC. 

SMC play an important role in the pathogeneses of chronic 
vascular rejection and in turn in CAN. The increased pro- 
liferation of SMC has been implicated in playing a major 
role in causing the thickening of the intima and the narrow- 
ing of the lumen in chronic vascular rejection. Our studies 
showed that in cells treated with TGF-p there was an in- 
verse relationship between the level of cellular SBP-1 and 
cell proliferation, thereby suggesting that SBP-1 might be 
involved in regulating cell proliferation. Thus, it is possible 
that under normal situations SBP-1 keeps SMC prolifera- 
tion in check, and that the decrease in its level leads to en- 
hanced cell proliferation. Accordingly, the increase in TGF-p 
in CAN leads to the decrease in SBP-1, which in turn leads 
to SMC proliferation. Thus, SBP-1 might play a protective 
role in CAN by keeping SMC proliferation in check. This is 
an issue that awaits further investigation. 

In summary, we have shown that SBP-1 is a tyrosine- 
phosphorylated protein localized primarily to SMC in vivo. 
The localization of SBP-1 to SMC in vivo suggests that 
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SBP-1 plays a role in processes important to SMC. SBP- 
1 expression was also downregulated by TGF-p, an im- 
portant player in the pathogenesis of CAN. SBP-1 expres- 
sion was absent or markedly reduced in vascular SMC of 
rejected monkey allografts with CAN. The precise con- 
tribution of SBP-1 to the process of CAN awaits further 
investigation. 
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